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Synthesis and evaluation of sulfonium-type alpha-glucosidase inhibitors based on the
structure of salacinol
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To develop more potent alpha-glucosidase inhibitors whose seed-compound is salacin
ol (1), a potent natural alpha-glucosidase inhibitor isolated from Salacia reticulata of Ayurvedic traditi
onal medicine, several candidates with 3"-O-alkyl (CH3, C2H5, C13H27) or benzyl groups (CH2C6HS5, CH2C6HACH
3, CH2C6H5CI, CH2C6HACF3, CH2C6H4NO2) instead of the 3"-O-sulfate anion in 1 were synthesized. These analo
gs showed equal or considerably higher inhibitory activity against rat small intestinal alpha-glucosidases
than 1. Among the sulfonium salts designed, one with 3"-0-(ortho-nitrobenzyl) moiety was found to be the
most potent, and ca. forty times as potent as 1, the compound being the strongest inhibitor among the sulf
onium type inhibitors synthesized so far.
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Table 1. 1C5q (1M, in vitro) against
Rat Small Intestinal a-Glucosidases

Enzyme 1 4 5 6 7 8 2 3
Maltase 52 7.2 32 80 48 51 12 17
Sucrase 1.6 0.8 03 13 45 1.0 022 15
Isomaltase 1.3 5.7 2.6 0.3 1.8 1.4 2.1 646

(Bioorg. Med. Chem., 2007, 15, 3296) .
salacinol

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 2128
vvvvvvvvvvvvvvvvvvvvvvvv s SO
(Bioorg. Med. Chem
2006, 14, 500). , ,
2’S 4 R
. (B. M. Pinto
etal J. Am. Chem. Soc., 2009, 131 5621). ,
in silico (Bioorg. Med.

Chem. Lett., 2010, 20, 4420)
(B. M. Pinto et al,

Biochemistry, 2010, 48, 443) ,

salacinol (1) 3

AAAAAAAAAAAAA Phe575,

Tyr299 Trp406 ,
Asp524

=
F C{ Phe757
H

------ d

0
Asp327 )\

Asp327 NH

Tyr299

/n

Phe757, Tyr299, Trp406 Trp406

salacinol (1)



, 3 (9a9c)
(10a-10m)
OH OH OH OH
3 3s
28y z 28 Y
&t OR S =X
Ho/\(_z HO/\Q \ 7/
HO  oH HO  OH
9 10
R= aCHz X= aiH bo-CH; c:m-CHz d:p-CHs
b: CoHs eco-Cl  fim-Cl  g:p-Cl
c: CygHoy h: 0-CF5 i:m-CF3 j: p-CF3
k: 0-NO, |: m-NO; m: p-NO,
(]_‘La—]_‘Lc)
(12a-12m) R (J.
Org. Chem. 1988, 53, 2598) ,
(13 (14)
s , 13
(17) , 17
, 18a-18c . R
1la-1ic .
HO U PH 1) 30%H,0,, K,COs,
HO. = H,0, < 20°C
"'O (o) 2) Etl, CH3CN, reflux,
HO >
DMP, acetone 14:R=H
PTSA, EtsN, rt 15 : R = -C(CHg),-
CO,Et

L|AIH4, THF OH
)( ‘0, O
OH

13
BuzsnO, toluene
reflux, then BnBr OBn
CsF, DMF, 60°C )(O A
_— '/OH
O
17
CHjsl or C,Hsl, NaH OBn
DMF, 0°C-rt o)
T e XY
(0]
18
1) 0.5% aq. HCI
EtOH, reflux OBn
> (@) /
2) PhsP, DEAD OR
toluene, reflux 1

a:R=CH3,b:R=CgH5,C:R=C13H27

neosalacinol

(6) (Bioorg. Med. Chem. Lett. 2009,
19, 2195) , HBF,
Ta-11c 19
, (20a0—20ca
X = BF,) B
(/B => ca 9/1). ,

(IRA-4001J, CI' form)

(20a0—20co. X = Cl)

9a-9c
OBn OH OBn
“OR 1) HBF,- Me,O X é+ &r
CH,Clp, -60°C g,
11 2)|RA400J, MeOH, rt R
+ BnO OBn
a:R=CHj 200
S b ‘R= CzH5 )
BnO c:R=C3Hyr + B-isomer (20B)
Bn<§ oBn (/B =>~ca. 9/1)
19a
OH OH
H,, Pd-C, aq. AcOH, NOE 1 3
50-60 °C, then 7 THCT Y
10% aq. HCI-CH3OH, rt *H s ., OR
/,' 4 1
a:R=CHs Hojg—z c
b:R= CzH5 Hd OH
c:R= C13H27
9
10a-10m
12a-12m .
13 ,
p_
21
22a-22m
, 22a-22m
12a-12m

Bu,SnO, toluene
reflux, then PMBCI

OPMB
CsF, DMF, 60°C o) A
13 - > “OH
(e}
21

OPMB

benzyl halide 0

—_— )( “OR
e}
22

1) 70% aq. AcOH

rt-reflux OPMB
_— 0) 3
2) PhyP, DEAD OR

toluene, reflux 12

X=aHDb O-CH3 C: m-CH3 d: p-CH3

e:o0-Cl f:m-Cl g: p-Cl
h: 0-CF5 i:m-CF3 j: p-CF3
k: 0-NO, I: m-NOy,  m: p-NO,




, PMB
(190) )
(23a0-23ma. X = BFy)
(a/p=> ca 8/1).
(IRA-4007J, CI' form) s
(23a0-23ma. X = Cl) ,
TFA PMB
10a-10c

OPMB

oﬂJ/OR 1) HBF4- Et,0 X & OR

CHyClp -60°C  pMmBO

12 5)|RA400J, MeOH, rt R
PMBO OPMB
(a/p = > ~ca. 8/1) 230,
PMBO + p-isomer (23p)
PMBO  OPMB
19b
OH OH
NOE ' 3
y'/$H29 2
80% aq. TFA, CHClIj, rt ‘H, ’S+ OR
> HO/Q1 cl
HO  OH
10
X= a:H bo-CHs c:m-CHsz d:p-CH3
e:o0-Cl f:m-Cl g: p-Cl
h: 0-CF3 i:m-CF3 j: p-CF3
k: 0-NO, I: m-NO; m: p-NO,
9a-9c
10a-10m
, glucosidase
a-glucosidase
9a-9c
isomaltase , salacinol (1)
neosalacinol (6)
. , Sucrase
, 98, 9% 9% 1
7 ;
3 9
, 1 7 10
Maltase , 3
24a 1 6
, 3°-O-
9% 9c 1 7
10a-10m maltase, sucrase
isomaltase . ,

10b, 10e 10h, 10k
, maltase
sucrase

O-nitro 10k
maltase S 1
40
, 10k sucrase
,1 40
, 3°-0O-
2

1. G. Tanabe, S. Nakamura, N. Tsutsui, G
Balakishan, W. Xie, S. Tsuchiya, J. Akaki, T.
Morikawa, K. Ninomiya, 1. Nakanishi,
M.Yoshikawa, O. Muraoka, Chem. Commun.,
2012, 48, 8646—8648.

2. .G Tanabe, T. Otani, W. Cong, T. Minematsu,
K. Ninomiya, M. Yoshikawa and O. Muraoka,

Bioorg. Med. Chem. Lett, 2011, 21,
3159-3162.
16
1.
. O- ,
Salacinol —
3’ —
30
2013 11 22
2.
. a-
salacinol 3
5
2013 11 2
3.
. O-
salacinol
3'
63
2013 10 12

4._G. Tanabe, S. Nakamura, N. Tsutsui, J. Akaki,
T. Morikawa, K. Ninomiya, I. Nakanishi, M.
Yoshikawa, O. Muraoka. Structure Activity
Relationship Study on Salacinol, a Potent
a-Glucosidase Inhibitor from Ayurvedic
Traditional Medicine “Salacia”: Effect of
3’-O-Aralkylation with Toluic Acid. 9th
AFMS International Medicinal Chemistry
Symposium (AIMECS13), (Taipei, Taiwan),
October, 16™-18™, 10. 2013.

. Salacinol
(x_



10.

11.

12.

13.

in slico
3'
133 2013 3 29
. Salacinol
a_
in silico 30
2012 11 20

G. Tanabe, S. Nakamura, N. Tsutsui, Masahiro

Yoshinaga, Y. Kunikata, J. Akaki, T.
Morikawa, K. Ninomiya I. Nakanishi, M.
Yoshikawa, O. Muraoka. The 12"

International Kyoto Conference on New
Aspects of Organic Chemistry (IKCOC-12,
Kyoto, Japan), November, 15" 2012.

Salacinol
o- insilico
62
2012 10 20
Gorre Balakishan
Salacinol
o- in slico
54
2012 9 18
. a-Glucosidase salacinol
3’ .
132 2012 3
31 .
, Balakishan Gorre, s
a-Glucosidase salacinol 3’
3’
2012 2 18

G. Tanabe, N. Tsutsui, M. Oka, B. Gorre, W.
Xie, S. Nakamura, I. Nakanishi, M.
Yoshikawa, O.  Muraoka.  Biological
Evaluation of 3’-O-Alkylated Analogs of
Salacinol, the Role of Hydrophobic Alkyl
Group at 3’ Position in the Side Chain on the
a-Glucosidase Inhibitory Activity. 8" AFMC
International Medicinal Chemistry
Symposium "Frontier of Medicinal Science",
Tokyo, November, 30" 2011.

Salacinol
o- in slico

19

2011 11
1 .
14. , , , ,
a-Glucosidase salacinol 3
61
2011 10

22 .

15.G. Tanabe, T. Otani, H. Takemura, S. Tsuchiya,
N. Tsutsui, B. Gorre, M. Yoshikawa, O.
Muraoka. Synthesis  and  Biological
Evaluation of 3’-O-Alkylated Salacinols as
a-Glucosidase  Inhibitors. 22" French-
Japanese Symposium on Medicinal and Fine
Chemistry, Rouen, France, September,
11"-14" 2011.

16. G. Tanabe, T. Otani, N. Tsutsui, H. Takemura,
W. Xie, B. Gorre, M. Yoshikawa, O. Muraoka.
Biological Evaluation of 3’-O-Alkylated
Analogs of Salacinol, the Role of
Hydrophobic Alkyl Group at 3’ Position in

the Side Chain on the a-Glucosidase
Inhibitory ~ Activity. 23rd International
Congress on Heterocyclic  Chemistry,

Glasgow, Scotland, August, 1%, 2011.

1
1.
2012 4 2
o) 0
o 0
@

TANABE Genzoh



40217104

@
MINEMATSU Toshie

60088151

®




